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Y
Display Screen Which Urges Input of Information |~ ST911
about Layers to Be Updated with Addition

<
<

ST912
Y ¢

Has Been User's Input of
YES/ Information About Layers to Be

Updated with Addition Received?

ST916 NO
Y $ \
Acquire Layer of Map Information Wait for 0.5 Seconds [FST913
Corresponding to Graphical Scale
ST914
Y s
Has 10 Seconds Elapsed NO
Since Process Was Started?
STO17
Determine Layers from Bottom

Layer to Layer Acquired in ST916
as Layers to Be Updated with Addition

A

Determine Only Bottom Layer as [~ ST915
Layers to Be Updated with Addition

h
>

Y

Store Layers to Be ~ STI18
Updated with Addition

4
END




US 9,322,659 B2

Sheet 10 of 23

Apr. 26,2016

U.S. Patent

dNd

Y
A

() vonreuwioquy dejy ndinQ

UONBULIOJU] PeOy PaIalsidarun)

)
O1TLS

ON

pue (JA) uoneuiopuy dejy mdinQ

UONRULIONUT PeOY pelelsiforun indinp

A

§
STILS STX

JpermboyuoewIofu] proYpalalsISoru )
JO $9091J QIOJA] 10 U() SeH

A

3
PILLS

5 A
611LS
SHA

¢ pa1mboy uoneUWLIOJU] PROY PAIaIsIFalu()

JO $2291J QIOJA] 10 U SeH

A

3
8TILS

ON

(D 1eke] peyyroads
pue (V) Bary palyroadg oy Surpuodsaiio))

() uonRWIOU] PRy pololsidarun aimboy

() 1ekeT paryroeds
pue (V) a1y payroadg o1 Surpuodsorio))

(3]) uonewIouy peoy poraisidorun armboy

) A
¢ITLS
SHA

(paImboy uoag /

S X
LITLS

uoneuIoyuy deyy se
SﬁmAE o W,E N SeH / ON

() 1o payyroadg pue (V) ealy payoadg
moqy (JA) uoneuuojuy dejy axmboy

[T "DId

5
TTTLS




US 9,322,659 B2

Sheet 11 of 23

Apr. 26,2016

U.S. Patent

A

1) SuIssad01g
UOIIBUTULISNR(]
uonippy-mpim

-perepd)-og-03-10ke]

)
311

A

Huy
Sunepd() pue Suppy
pBOY palalsisalun)

)
L1

smereddy uoneSiaepN 16D

¢l DI

11

.| 3 Suurmboy nduy -
T~ SUOUd PTAON ~1 uwoneunoyuy [eLIoINE ”
5
0C1
Iosuag ) 938vI0]S -
LI~ Koofep Iemsuy vonewioyuy dejy ”
§
// 11
BUUIUY /rp nupn Sunmboy induy -
01~ SulARIY SdD \\‘ UOIJRULIOJUT JOSUIS ~
- , .=
\ eIl -
s =
() 3uIssadoIig g E
e[~ fosues KI100TA woneSABN =
901A9(] et M
SuIAT09Y ST | 3un Sumboy nduy | =
VI~ 1onuo) ejomey 7l  womnerad( resn =
}
CTl
- d <
¢ 1~ 90189 IdinQ 9010A ) Sumnding
71~ oo Aeldsiq | HNSIY UOHESIALN
; S
141! 611
I



U.S. Patent Apr. 26, 2016 Sheet 12 of 23 US 9,322,659 B2

FIG. 13
(START)

A

Acquire Information Relevant to Layers to Be Updated L _ST131
with Addition from Information Inputted from Outside

A

Acquire Top Layer to Be Updated with Addition from _ST132
Information Relevant to Layers to Be Updated with Addition

Y

Determine Layers from Bottom Layer to Layer Acquiredin  |_ST133
ST132 as Layers to Be Updated with Addition

Y
END

FIG. 14

4
A ACity
2km
1 B8 )
789

A ABeach \ /
l New Road: Near X XCho inX X City
Please Select Degree of Use for Route Determination

[onowe] [ (] M [ [ [

A\ N




U.S. Patent Apr. 26, 2016 Sheet 13 of 23 US 9,322,659 B2

FIG. 15
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FIG. 18
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FIG. 25
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FIG. 29
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1
MAP INFORMATION PROCESSING
APPARATUS

FIELD OF THE INVENTION

The present invention particularly relates to a map infor-
mation processing apparatus which is suitable for use in a car
navigation system.

BACKGROUND OF THE INVENTION

When a vehicle equipped with a car navigation system
travels along a road which does not exist in map information
held by the car navigation system, the car navigation system
detects the unregistered road by comparing the travel history
of the vehicle with the map information held thereby, and
carries out an update of the map information held thereby
with addition of the unregistered road.

For example, a technology of, when detecting a new road
(referred to as an unregistered road) whose information is not
included in the map information on the basis of the traveling
path of the vehicle, carrying out an update with addition of the
unregistered road, as well as addition of restrictions on the
road or attendant information about the road, like the width of
the road, on the basis of the traveling path corresponding to
the unregistered road is known (for example, refer to patent
reference 1).

[Patent reference 1] JP, 2005-172578, A

The technology disclosed by above-mentioned patent ref-
erence 1 makes it possible for the user to receive a service
based on the newest map information without having to
acquire the new map information. This technology provides
the user with a large profit because the cost of acquiring the
new map information is expensive and the amount of the map
information is huge.

However, in many cases, the map information is stored
with being separated into a plurality of layers according to the
degree of detail of the stored data. In contrast with this, patent
reference 1 discloses only the technology about detection of
an unregistered road and settings of attendant information,
and therefore cannot carry out navigation while reflecting a
detected unregistered road in the plurality of layers (carrying
out an update with addition of the unregistered road to the
plurality of layers).

The present invention is made in order to solve the above-
mentioned problem, and it is therefore an object of the present
invention to provide a map information processing apparatus
which, when adding, as additional map information, an
unregistered road which has been detected during travel of a
vehicle and whose information is not included in map infor-
mation stored therein to update this map information, deter-
mines layers which are to be updated with the addition
according to the state of the unregistered road and the user’s
intention so as to enable navigation using the unregistered
road, such as a display of a wide-area map and a determina-
tion of a long distance route.

DISCLOSURE OF THE INVENTION

A map information processing apparatus in accordance
with the present invention includes: a map information stor-
age unit for storing map information which is separated into
multiple layers; a layer-to-be-updated-with-addition deter-
mination processing unit for determining one or more layers
which are to be updated with addition of an unregistered road
whose information is not included in the map information and
which is detected when a vehicle has traveled; and an unreg-
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istered road adding and updating unit for adding the unregis-
tered road to the map information storage unit to update the
map information with the addition being aimed at the one or
more layers determined by the layer-to-be-updated-with-ad-
dition determination processing unit.

A map information processing apparatus in accordance
with the present invention includes: a map information stor-
age unit for storing map information which is separated into
multiple layers; a layer-to-be-updated-with-addition deter-
mination processing unit for determining one or more layers
which are to be updated with addition of an unregistered road
whose information is not included in the map information and
which is detected when a vehicle has traveled; and a naviga-
tion processing unit for carrying out navigation by using both
the unregistered road in the one or more layers determined by
the layer-to-be-updated-with-addition determination pro-
cessing unit, and the map information stored in the map
information storage unit.

A map information processing apparatus in accordance
with the present invention includes: a map information stor-
age unit for storing map information which is separated into
multiple layers; an external information input acquiring unit
for acquiring road information whose information is not
included in the map information from outside the map infor-
mation processing apparatus; a layer-to-be-updated-with-ad-
dition determination processing unit or determining one or
more layers which are to be updated with addition of the
unregistered road on a basis of the road information acquired
by the external information input acquiring unit; and an
unregistered road adding and updating unit for adding the
unregistered road to the map information storage unit to
update the map information with the addition being aimed at
the one or more layers determined by the layer-to-be-up-
dated-with-addition determination processing unit.

A map information processing apparatus in accordance
with the present invention includes: a map information stor-
age unit for storing map information which is separated into
multiple layers; an external information input acquiring unit
for acquiring road information whose information is not
included in the map information from outside the map infor-
mation processing apparatus; a layer-to-be-updated-with-ad-
dition determination processing unit or determining one or
more layers which are to be updated with addition of the
unregistered road on a basis of the road information acquired
by the external information input acquiring unit; and a navi-
gation processing unit for carrying out navigation by using
both the unregistered road in the one or more layers deter-
mined by the layer-to-be-updated-with-addition determina-
tion processing unit, and the map information stored in the
map information storage unit.

In accordance with the present invention, when carrying
out an update with addition of an unregistered road which has
been detected during travel to the map information, the map
information processing apparatus determines layers which
are to be updated with addition of the unregistered road to the
map information according to the state of the unregistered
road, thereby making it possible to carry out navigation, such
as a display of a wide-area map and a determination of a long
distance route, by using the unregistered road.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1is a block diagram showing the internal structure of
a map information processing apparatus in accordance with
Embodiment 1 of the present invention;
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FIG. 2 is a view showing an example of a road state sample
for use in the map information processing apparatus in accor-
dance with Embodiment 1 of the present invention;

FIG. 3 is a flow chart which is referred to in order to explain
the operation of the map information processing apparatus in
accordance with Embodiment 1 of the present invention;

FIG. 41is a flow chart which is referred to in order to explain
the operation of the map information processing apparatus in
accordance with Embodiment 1 of the present invention;

FIG. 5 is a view showing an example of a road state sample
for use in a map information processing apparatus in accor-
dance with Embodiment 2 of the present invention;

FIG. 6 is a flow chart which is referred to in order to explain
the operation of the map information processing apparatus in
accordance with Embodiment 2 of the present invention;

FIG. 7 is a flow chart which is referred to in order to explain
the operation of the map information processing apparatus in
accordance with Embodiment 2 of the present invention;

FIG. 81s a view showing an example of the configuration of
an input screen for use in a map information processing
apparatus in accordance with Embodiment 3 of the present
invention;

FIG. 9 is a flow chart which is referred to in order to explain
the operation of the map information processing apparatus in
accordance with Embodiment 3 of the present invention;

FIG. 10 is a view showing an example of the data structure
of'a conversion table for use in the map information process-
ing apparatus in accordance with Embodiment 3 of the
present invention and that in accordance with Embodiment 7;

FIG. 11 is a flow chart which is referred to in order to
explain the operation of the map information processing
apparatus in accordance with Embodiment 3 of the present
invention;

FIG. 12 is ablock diagram showing the internal structure of
a map information processing apparatus in accordance with
Embodiment 4 of the present invention;

FIG. 13 is a flow chart which is referred to in order to
explain the operation of the map information processing
apparatus in accordance with Embodiment 4 of the present
invention;

FIG. 14 is a view showing an example of the configuration
of an input screen for use in a map information processing
apparatus in accordance with Embodiment 5 of the present
invention;

FIG. 15 is a flow chart which is referred to in order to
explain the operation of the map information processing
apparatus in accordance with Embodiment 5 of the present
invention;

FIG. 16 is a view showing an example of the data structure
of'a conversion table for use in the map information process-
ing apparatus in accordance with Embodiment 5 of the
present invention;

FIG. 17 is a flow chart which is referred to in order to
explain the operation of the map information processing
apparatus in accordance with Embodiment 6 of the present
invention;

FIG. 18 is a view showing an example of the data structure
of'a conversion table for use in the map information process-
ing apparatus in accordance with Embodiment 6 of the
present invention;

FIG. 19 is a block diagram showing the internal structure of
a map information processing apparatus in accordance with
Embodiment 7 of the present invention;

FIG. 20 is a flow chart which is referred to in order to
explain the operation of the map information processing
apparatus in accordance with Embodiment 7 of the present
invention;
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FIG. 21 is a view showing an example of the configuration
of an input screen for use in the map information processing
apparatus in accordance with Embodiment 7 of the present
invention;

FIG. 22 is ablock diagram showing the internal structure of
a map information processing apparatus in accordance with
Embodiment 8 of the present invention;

FIG. 23 is a flow chart which is referred to in order to
explain the operation of the map information processing
apparatus in accordance with Embodiment 8 of the present
invention;

FIG. 24 is a flow chart which is referred to in order to
explain the operation of the map information processing
apparatus in accordance with Embodiment 8 of the present
invention;

FIG. 25 is a view showing an example of the data structure
of'a conversion table for use in the map information process-
ing apparatus in accordance with Embodiment 8 of the
present invention;

FIG. 26 is a block diagram showing the internal structure of
a map information processing apparatus in accordance with
Embodiment 9 of the present invention;

FIG. 27 is a flow chart which is referred to in order to
explain the operation of the map information processing
apparatus in accordance with Embodiment 9 of the present
invention;

FIG. 28 is a block diagram showing the internal structure of
a map information processing apparatus in accordance with
Embodiment 10 of the present invention; and

FIG. 29 is a flow chart which is referred to in order to
explain the operation of the map information processing
apparatus in accordance with Embodiment 10 of the present
invention.

PREFERRED EMBODIMENTS OF THE
INVENTION

Hereafter, in order to explain this invention in greater
detail, the preferred embodiments of the present invention
will be described with reference to the accompanying draw-
ings.

Embodiment 1

FIG. 1is a block diagram showing the internal structure of
a map information processing apparatus in accordance with
Embodiment 1 of the present invention. In this case, a car
navigation system 1 is illustrated as an example of the map
information processing apparatus.

The car navigation system 1 is comprised of a car naviga-
tion apparatus 11 which serves as a control center for navi-
gation, a display device 12 for displaying a map image for
display and information about an optimal route which are
generated and outputted by the car navigation apparatus 11, a
voice output device 13 for outputting either a voice with
which to perform a guidance to the destination according to
the optimal route, or information included in map information
by voice, a remote control light receiving device 14 for receiv-
ing a signal from an input device, such as a wireless remote
control, which is manipulated by the user, a velocity sensor 15
for measuring the traveling velocity of a vehicle in which the
car navigation system 1 is mounted, a GPS receiving antenna
16 for receiving signals from GPS (Global Positioning Sys-
tem) satellites, and an angular velocity sensor 17 for measur-
ing a directional change in the vehicle.

The car navigation apparatus 11 is comprised of a map
information storage unit 111, a navigation processing unit
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112, a sensor information input acquiring unit 113, a naviga-
tion result outputting unit 114, a user operation input acquir-
ing unit 115, an unregistered road traveling detecting unit
116, an unregistered road adding and updating unit 117, a
layer-to-be-updated-with-addition determination processing
unit 118, and a main controlling unit 119 for managing deliv-
ery of data exchanged among the above-mentioned blocks
111 to 118, and for performing sequence control.

The map information storage unit 111 consists of a storage
medium (e.g., an HDD: Hard Disk Drive) for storing rewrit-
able nonvolatile data, and, when the car navigation system 1
is shipped, map information (initial map information) is
recorded into the map information storage unit in advance. An
area for storing pieces of map information to each of which
information about a road whose information does not exist in
the initial map information is added is set up in the map
information storage unit 111.

These pieces of map information are separated into a plu-
rality of layers according to the degree of detail of the data
stored, the plurality of layers including a bottom layer and a
top layer which is alayer for storing only information used for
separately drawing a sea and a land which do not include any
road information, and the density of roads whose information
is stored in each of layers between the upper and bottom
layers gradually becomes thinner as each of the middle layers
is located at a higher level. The map information about a lower
layer is used for display of a detailed map, determination of a
short distance route, etc., and the map information about an
upper layer is used for display of a wide-area map, determi-
nation of a long distance route, etc. Furthermore, in the initial
map information, each layer’s map information is divided
into a plurality of areas (meshes).

The navigation processing unit 112 has a current position
measuring function of determining the current position of the
vehicle by using information acquired via the sensor infor-
mation input acquiring unit 113, and also referring to the map
information stored in the map information storage unit 111 so
asto determine a position on a road where the current position
exists with the highest probability, a map displaying function
of generating a position for display of either a point in the
vicinity of the current position to be displayed at a display
position or an arbitrary point, a route determining function of
determining an optimal route from the current position to an
arbitrary point or between two arbitrary points, and a route
guiding function of providing guidances until the vehicle
reaches the destination, such as an advice to make a right or
left-hand turn, according to the optimal route calculated by
the route determining function. The navigation processing
unit carries out these functions with reference to the map
information stored in the map information storage unit 111.

In this case, the results of the navigation are outputted to
either the display device 12 or the voice output device 13, or
both of them via the main controlling unit 119 and the navi-
gation result outputting unit 114.

The sensor information input acquiring unit 113 acquires
signals detected by various sensors (the velocity sensor 15,
the GPS receiving antenna 16, and the angular velocity sensor
17) which are used in order to determine the position of the
vehicle, and outputs the signals to the main controlling unit
119.

The navigation result outputting unit 114 provides the
results of the navigation processing carried out by the navi-
gation processing unit 112 for the user by using either the
display device 12 or the voice output device 13. The user
operation input acquiring unit 115 acquires the description of
the user’s operational input which is received thereby via the
remote control light receiving device 14, and outputs the
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description of the user’s operational input to the main con-
trolling unit 119. The user sets up a certain destination by
using a wireless remote control as an input device, or sets up
a point which the user desires to make the navigation system
display in a map, and the degree of detail of the map. These
pieces of information are acquired by the user operation input
acquiring unit 115, and are then delivered to the navigation
processing unit 112.

While the unregistered road traveling detecting unit 116
determines the current position of the vehicle on the basis of
the signals from the velocity sensor 15, the GPS receiving
antenna 16, and the angular velocity sensor 17 which are
acquired by the sensor information input acquiring unit 113,
the unregistered road traveling detecting unit 116 compares
the current position which it has determined with the map
information stored in the map information storage unit 111 to
calculate which position of which road included in the map
information corresponds to the current position of the vehicle.

At that time, in order to specify the road, the unregistered
road traveling detecting unit calculates a correlation score to
each of roads which exist in the vicinity of the current position
of'the vehicle, and determines, as the road, a road having the
highest correlation score among roads whose correlation
score exceeds a reference value. At that time, when no road
whose correlation score exceeds the reference value exists,
the unregistered road traveling detecting unit 116 registers the
current position of the vehicle as an unregistered road travel-
ing position, and, when detecting that the current position of
the vehicle corresponds to one of the roads whose information
is included in the map information again, detects the regis-
tered position as an unregistered road.

The unregistered road adding and updating unit 117 carries
out an update of the map information with addition of the road
information about the unregistered road detected by the
unregistered road traveling detecting unit 116 to the map
information storage unit 111 with an eye on one or more
layers determined by the layer-to-be-updated-with-addition
determination processing unit 118, which will be mentioned
below.

The layer-to-be-updated-with-addition determination pro-
cessing unit 118 determines one or more layers which are the
target to be updated with addition when the unregistered road
travel detecting unit 116 carries out an update of the map
information with addition of the unregistered road to the map
information storage unit 111. The layer-to-be-updated-with-
addition determination processing unit carries out this opera-
tion with reference to the map information stored in the map
information storage unit 111.

Hereafter, the operation of the layer-to-be-updated-with-
addition determination processing unit 118 will be explained
with reference to a road state sample shown in FIG. 2.

In FIG. 2, in Lvl which is the bottom layer, pieces of
information about three roads: an existing road #1, an existing
road #2, and an existing road #3 are stored in the map infor-
mation storage unit 111 as roads connected to an unregistered
road (a dotted line). In contrast, the existing road #3 does not
exist in L.v2 which is a layer higher than [.v1 and the existing
road #2 does not exist in L.v3 which is further higher than [.v2,
the figure shows that only the information about the existing
road #1 is stored as map information in each of the layers.
Furthermore, each layer’s map information is comprised of a
plurality of meshes (in Lv3, only one mesh is shown).

The layer-to-be-updated-with-addition determination pro-
cessing unit 118 determines, as an uppermost layer to be
added, a layer which is the highest one of layers in each of
which at least one of the existing road #1, the existing road #2,
and the existing road #3, which are connected to the unregis-
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tered road, exists. More specifically, the layer-to-be-updated-
with-addition determination processing unit determines [.v3
in which the existing road #1 exists among the existing road
#1, the existing road #2, and the existing road #3 as the
uppermost layer, and determines the layers including the
uppermost layer and the layers lower than the uppermost
layer, i.e., Lvl, Lv2, and I.v3, as layers which are the target to
be updated with addition.

The operation of the layer-to-be-updated-with-addition
determination processing unit 118 is shown in FIGS. 3 and 4
in the form of a flow chart.

Hereatter, the operation of the map information processing
apparatus in accordance with Embodiment 1 of the present
invention will be explained in detail with reference to the flow
charts shown in FIG. 3 and FIG. 4 of the operation of the
layer-to-be-updated-with-addition determination processing
unit 118.

The layer-to-be-updated-with-addition determination pro-
cessing unit 118 extracts roads connected to the first endpoint
of the unregistered road as first-endpoint-side connected
roads from among roads (existing roads) whose information
exist in the map information stored in the map information
storage unit 111 first (step ST311 of FIG. 3).

The layer-to-be-updated-with-addition determination pro-
cessing unit 118 then defines the bottom layer as the layer to
be examined (step ST312), and sets this layer to be examined
(the bottom layer) to a first endpoint side top layer variable SL.
(step ST313). The layer-to-be-updated-with-addition deter-
mination processing unit then judges whether at least one of
the first-endpoint-side connected roads extracted in step
ST311 exists in the layer to be examined (step ST314).

When, in the process of step ST314, judging that at least
one of the connected roads exists in the layer to be examined
(when “Yes” in step ST314), the layer-to-be-updated-with-
addition determination processing unit 118 sets the layerto be
examined to SL (step ST315), and then judges whether or not
the layer to be examined is the top layer (step ST316). When,
in this step, judging that the target to be examined is not the
top layer (when “No” in step ST316), the layer-to-be-up-
dated-with-addition determination processing unit defines a
layer one layer higher than the layer to be examined as a new
layer to be examined (step ST317), and then returns to the
process of step ST314.

In contrast, when judging that the object to be examined is
the top layer (when “Yes” in step ST316), the layer-to-be-
updated-with-addition determination processing unit ends
the process about the first endpoint side. Also when, in the
process of step ST314, judging that none of the connected
roads exist in the layer to be examined (when “No” in step
ST314, the layer-to-be-updated-with-addition determination
processing unit ends the process about the first endpoint side.

After completing the process about the side of the first
endpoint, the layer-to-be-updated-with-addition determina-
tion processing unit 118 carries out a process about the side of
the second endpoint. At that time, the layer-to-be-updated-
with-addition determination processing unit 118 extracts
roads connected to the second endpoint of the unregistered
road as second-endpoint-side connected roads from among
the existing roads first (step ST318). The layer-to-be-up-
dated-with-addition determination processing unit 118 then
defines the bottom layer as the layer to be examined (step
ST319), and sets this layer to be examined (the bottom layer)
to a second endpoint side top layer variable EL (step ST320).

Next, the layer-to-be-updated-with-addition determination
processing unit 118 judges whether at least one of the second-
endpoint-side connected roads extracted in step ST318 exists
in the layer to be examined (step ST321 of FIG. 4). When, in
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this step, judging that at least one of the connected roads
exists in the layerto be examined (when “Yes” in step ST321),
the layer-to-be-updated-with-addition determination pro-
cessing unit 118 sets the layer to be examined to the second
endpoint side top layer variable EL (step ST322), and then
judges whether or not the layer to be examined is the top layer
(step ST323). When judging that the target to be examined is
not the top layer (when “No” in step ST323), the layer-to-be-
updated-with-addition determination processing unit 118
defines a layer one layer higher than the layer to be examined
as a new layer to be examined (step ST324), and then returns
to the process of step ST321. In contrast, when judging that
the object to be examined is the top layer (when “Yes™ in step
ST323), the layer-to-be-updated-with-addition determina-
tion processing unit ends the process about the second end-
point side. Also when, in the process of step ST321, judging
that none of the connected roads exist in the layer to be
examined (when “No” in step ST321, the layer-to-be-up-
dated-with-addition determination processing unit ends the
process about the second endpoint side.

When completing the process about the side of the second
endpoint, as previously explained, the layer-to-be-updated-
with-addition determination processing unit 118 compares
the first endpoint side top layer variable SL with the second
endpoint side top layer variable EL (step ST325). Atthis time,
when judging that EL is not a layer higher than SL. (when
“No” in step ST325), the layer-to-be-updated-with-addition
determination processing unit 118 defines layers from the
bottom layer to EL as the target to be added (step ST326), and
ends the process. In contrast, when, in the process of step
ST325, judging that EL is a layer higher than SI. (when “Yes”
in step ST325), the layer-to-be-updated-with-addition deter-
mination processing unit 118 defines layers from the bottom
layer to EL as the target to be added (step ST327), and ends
the process.

In accordance with above-mentioned Embodiment 1, the
map information processing apparatus includes the layer-to-
be-updated-with-addition determination processing unit 118
for determining one or more layers which are the target to be
updated with addition of an unregistered road, and the unreg-
istered road adding and updating unit 117 carries out an
update of the map information with addition of information
about the unregistered road to the map information storage
unit 111 with an eye on the one or more layers determined by
the layer-to-be-updated-with-addition determination pro-
cessing unit 118, thereby updating each high level layer’s
map information with addition of the information about the
unregistered road to the map information. Therefore, the map
information processing apparatus can use the unregistered
road for display of a wide-area map and determination of a
long distance route. Furthermore, because the map informa-
tion processing apparatus carries out an update of each layer’s
map information in advance with addition of the information
about the unregistered road to the layer’s map information
which requires the addition, the navigation processing unit
112 can maintain its processing performance at the time of
using the map information.

In addition, because the layer-to-be-updated-with-addition
determination processing unit 118 determines, as layers to be
updated with addition, layers including a layer in which there
exists at least one road to which the unregistered road is
connected, and whose information is included in the map
information stored in the map information storage unit 111,
and lower level layers, the map information processing appa-
ratus can use the unregistered road for up to a high level layer
for which a presentation of the unregistered road is effective.
For example, the map information processing apparatus can



US 9,322,659 B2

9

achieve higher processing performance by restricting layers
which the map information processing apparatus uses for the
route determination to the layers effective in the determina-
tion while checking the unregistered road by producing a
display of a wide-area map or the like.

In accordance with above-mentioned Embodiment 1, the
user operation input acquiring unit 115 is constructed in such
away as to acquire a signal from the wireless remote control
disposed as an input device, which is received by the remote
control light receiving device 14. The user operation input
acquiring unit can be alternatively constructed in such a way
as to acquire a signal form an input button (grounded to the
input panel) placed in the front face of the car navigation
apparatus 11, or acquire a signal inputted by a touch panel
mounted on the display device 12. As an alternative, the user
operation input acquiring unit can be constructed in such a
way as to acquire a voice input, or acquire a signal from a
combination of two or more of the above-mentioned devices.

Furthermore, the map information storage unit 111 can be
constructed in such a way that the storage medium for storing
the initial map information and the storage medium to which
unregistered road information is added to update the map
information are separately disposed. In this case, the storage
medium for storing the initial map information can be, for
example, a non-rewritable one such as a DVD (Digital Ver-
satile Device)-ROM. Furthermore, in the case in which the
map information storage unit is constructed in such a way that
the storage medium for storing the initial map information
and the storage medium to which unregistered road informa-
tion is added to update the map information are separately
disposed, the storage medium to which unregistered road
information is added to update the map information does not
have to be nonvolatile. In this case, if the storage medium for
storing the initial map information is rewritable, the map
information processing apparatus can improve the conve-
nience of data about an unregistered road, which have been
added from a volatile storage medium to update the map
information, by copying the data about the unregistered road
to a nonvolatile storage medium before the data disappear
from the volatile storage medium.

In above-mentioned Embodiment 1, the unregistered road
traveling detecting unit 116 detects an unregistered road
when the current position returns to an applicable road. The
detection of an unregistered road can also be implemented by
controlling the unregistered road traveling detecting unit 116
in such a way that the unregistered road traveling detecting
unit detects the unregistered road by using the main control-
ling unit 119 when the user manipulates the wireless remote
control or the like to provide a detection instruction and the
user operation input acquiring unit 115 then receives this
manipulation.

Furthermore, the road state sample shown in FIG. 2 is an
example which is referred to in order to explain the operation
of Embodiment 1 of the present invention, and the same
operation can also be implemented even in a road state other
than that of the sample shown in FIG. 2.

Embodiment 2

FIG. 5 is a view showing an example of a road state sample
for use in a map information processing apparatus in accor-
dance with Embodiment 2 of the present invention.

In Embodiment 2, the map information processing appa-
ratus uses the same structure as the map information process-
ing apparatus of Embodiment 1 shown by FIG. 1, and its
operation is also the same at that of the map information
processing apparatus of Embodiment 1 except for the
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description of the process of a layer-to-be-updated-with-ad-
dition determination processing unit 118. Hereafter, the
operation of the map information processing apparatus in
accordance with Embodiment 2 will be explained in detail
with reference to the road state sample shown in FIG. 5, and
flow charts shown in FIGS. 6 and 7 of the operation of the
layer-to-be-updated-with-addition determination processing
unit 118.

In the road state sample shown in FIG. 5, in Lv1 which is
the bottom layer, pieces of information about three roads: an
existing road #1, an existing road #2, and an existing road #3
are stored, as roads which are to be connected to an unregis-
tered road, in a map information storage unit 111. Further-
more, the figure shows that the existing road #3 does not exist
in Lv2 which is a layer higher than the bottom layer and the
existing road #2 does not exist for L.v3 which is a further
higher layer, and only the information about the existing road
#1 is stored in the map information storage unit 111. In
addition, each layer’s map information is comprised of a
plurality of meshes (in Lv3, only one mesh is shown).

The layer-to-be-updated-with-addition determination pro-
cessing unit 118 determines, as an uppermost layer to be
added, a layer which is the highest one of layers in which all
of' the existing road #1, the existing road #2, and the existing
road #3, which are connected to the unregistered road, exist.
More specifically, in the example shown in FIG. 5, layers in
which all of the existing road #1, the existing road #2, and the
existing road #3 exist are only L.vl. Therefore, in this case, the
layer-to-be-updated-with-addition determination processing
unit determines Lv1 as a layer to be additionally updated.

In the flow charts showing the operation of the layer-to-be-
updated-with-addition determination processing unit 118
shown in FIGS. 6 and 7, the layer-to-be-updated-with-addi-
tion determination processing unit 118 extracts roads con-
nected to the first endpoint of the unregistered road as first-
endpoint-side connected roads from among roads (existing
roads) whose information exist in the map information stored
in the map information storage unit 111 first (step ST611 of
FIG. 6).

The layer-to-be-updated-with-addition determination pro-
cessing unit 118 then defines the bottom layer as the layer to
be examined (step ST612), and sets this layer to be examined
(the bottom layer) to a first endpoint side top layer variable SL.
(step ST613).

The layer-to-be-updated-with-addition determination pro-
cessing unit then judges whether all of the first-endpoint-side
connected roads extracted in step ST611 exist in the layer to
be examined (step ST614). When, in the process of step
ST614, judging that all the connected roads exist in the layer
to be examined (when “Yes” in step ST614), the layer-to-be-
updated-with-addition determination processing unit 118
sets the layer to be examined to the first endpoint side top
layer variable SL (step ST615), and then judges whether or
not the layer to be examined is the top layer (step ST616).
When, in this step, judging that the object to be examined is
not the top layer (when “No” in step ST616), the layer-to-be-
updated-with-addition determination processing unit defines
alayer one layer higher than the layer to be examined as a new
layer to be examined (step ST617), and then returns to the
process of step ST614.

In contrast, when judging that the object to be examined is
the top layer (when “Yes” in step ST616), the layer-to-be-
updated-with-addition determination processing unit ends
the process about the side of the first endpoint. Also when, in
the process of step ST614, judging that either one of all the
connected roads does not exist in the layer to be examined
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(when “No” in step ST614), the layer-to-be-updated-with-
addition determination processing unit ends the process about
the first endpoint side.

After completing the process about the side of the first
endpoint, the layer-to-be-updated-with-addition determina-
tion processing unit 118 carries out a process about the side of
the second endpoint. The layer-to-be-updated-with-addition
determination processing unit 118 extracts roads connected
to the second endpoint of the unregistered road as second-
endpoint-side connected roads from among the existing roads
first (step ST618). The layer-to-be-updated-with-addition
determination processing unit 118 then defines the bottom
layer as the layer to be examined (step ST619), and sets this
layer to be examined (bottom layer) to a second endpoint side
top layer variable EL (step ST620).

Next, the layer-to-be-updated-with-addition determination
processing unit 118 judges whether all of the second-end-
point-side connected roads extracted in step ST618 exist in
the layer to be examined (step ST621 of FIG. 7).

When, in the process of step ST621, judging that all of the
connected roads exist in the layer to be examined (when
“Yes” in step ST621), the layer-to-be-updated-with-addition
determination processing unit 118 sets the layer to be exam-
ined to the second endpoint side top layer variable EL (step
ST622), and then judges whether or not the layer to be exam-
ined is the top layer (step ST623). When judging that the
object to be examined is not the top layer (when “No” in step
ST623), the layer-to-be-updated-with-addition determina-
tion processing unit 118 defines a layer one layer higher than
the layer to be examined as a new layer to be examined (step
ST624), and then returns to the process of step ST621. In
contrast, when judging that the object to be examined is the
top layer (when “Yes” in step ST623), the layer-to-be-up-
dated-with-addition determination processing unit ends the
process about the second endpoint side. Also when, in the
process of step ST621, judging that either one of all the
connected roads does not exist in the layer to be examined
(when “No” in step ST621), the layer-to-be-updated-with-
addition determination processing unit ends the process about
the second endpoint side.

When completing the process about the side of the second
endpoint, the layer-to-be-updated-with-addition determina-
tion processing unit 118 compares the first endpoint side top
layer variable SL. with the second endpoint side top layer
variable EL (step ST625). When judging that EL is higher
than SL (when “Yes” in step ST625), the layer-to-be-updated-
with-addition determination processing unit 118 defines lay-
ers from the bottom layer to SL as the target to be added and
then ends the process (step ST626).

In contrast, when, in the process of step ST625, judging
that EL is not a layer higher than SL. (when “No” in step
ST625), the layer-to-be-updated-with-addition determina-
tion processing unit 118 defines layers from the bottom layer
to EL as the target to be added and then ends the process (step
ST627).

In accordance with above-mentioned Embodiment 2, the
map information processing apparatus includes the layer-to-
be-updated-with-addition determination processing unit 118
for determining one or more layers which are the target to be
updated with addition of an unregistered road, and the unreg-
istered road adding and updating unit 117 carries out an
update of the map information with addition of the unregis-
tered road to the map information storage unit 111 with an eye
on the one or more layers determined by the layer-to-be-
updated-with-addition determination processing unit 118,
thereby updating each high level layer’s map information
with addition of the unregistered road to the map information.
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Therefore, the map information processing apparatus can use
the unregistered road for display of a wide-area map and
determination of a long distance route. Furthermore, because
the map information processing apparatus carries out an
update of each layer’s map information in advance with addi-
tion of the unregistered road to the layer’s map information
which requires the addition, a navigation processing unit 112
can maintain its processing performance at the time of using
the map information.

In addition, because the layer-to-be-updated-with-addition
determination processing unit 118 determines, as layers to be
additionally updated, layers including a layer in which there
exists all roads to which the unregistered road is connected,
and whose information is included in the map information
stored in the map information storage unit 111, and lower
level layers, the map information processing apparatus can
use the unregistered road for an absolute minimum number of
layers while improving its processing performance, thereby
being able to provide the user with convenience.

The road state sample shown in FIG. 5 is an example which
is referred to in order to explain the operation of the layer-to-
be-updated-with-addition determination processing unit 118
in accordance with Embodiment 2, and the same operation
can also be implemented even in a road state other than that of
the sample shown in FIG. 5.

Embodiment 3

FIG. 81is a view showing an example of the configuration of
an input screen which a map information processing appara-
tus in accordance with Embodiment 3 of the present invention
uses.

The map information processing apparatus which is used
in Embodiment 3 has the same structure as that in accordance
with Embodiment 1 shown in FIG. 1, and only the descrip-
tions of the processes carried out by a navigation processing
unit 112, an unregistered road adding and updating unit 117,
and a layer-to-be-updated-with-addition determination pro-
cessing unit 118 differ from those of Embodiment 1. More
specifically, the layer-to-be-updated-with-addition determi-
nation processing unit 118 acquires, via a user operation input
acquiring unit 115, information about specification of layers
with which the layer-to-be-updated-with-addition determina-
tion processing unit carries out an update with addition of an
unregistered road, and determines layers to be set up as the
target for additional update according to the information
about the layer specification. Hereafter, the operation of the
map information processing apparatus in accordance with
Embodiment 3 of the present invention will be explained in
detail.

First, the user specifies a layer to which he or she desires to
add information about an unregistered road by performing an
operation using a wireless remote control. At that time, the
user specifies a layer on a screen having a graphical scale,
such as a 100 m scale or a 2 km scale, as shown in, for
example, an input screen of FIG. 8.

At that time, the user operation input acquiring unit 115
receives the above-mentioned user’s manipulation via a
remote control light receiving unit 14, and furnishes the infor-
mation to the layer-to-be-updated-with-addition determina-
tion processing unit 118 via a main controlling unit 19. The
layer-to-be-updated-with-addition determination processing
unit 118 determines layers which are the target to be updated
with addition according to the information about the layer to
beupdated with addition which is acquired via the user opera-
tion input acquiring unit 115 and which is specified by the
user, and then reflects the determination of the layers in the



US 9,322,659 B2

13

map information storage unit 111. At that time, information
about the layers which are the target to be updated with
addition is stored as information relevant to the information
about the unregistered road which is to be added to update the
map information.

The unregistered road adding and updating unit 117 carries
out additional registration of the information about the unreg-
istered road to the map information storage unit 111 as infor-
mation different from the initial map information. At that
time, the unregistered road adding and updating unit specifies
amesh including the unregistered road for each layer which is
the target to which the information about the unregistered
road is to be added, and stores, as information relevant to the
unregistered road, the mesh’s ID (in a case in which the
unregistered road extends over a plurality of meshes, all mesh
1Ds) in the map information storage unit 111, as well.

When the navigation processing unit 112 uses the map
information stored in the map information storage unit 111,
on the basis of the mesh ID of a layer which it uses, the
navigation processing unit judges whether or not there exists
an unregistered road in the mesh and, when there exists an
unregistered road in the mesh, uses the unregistered road
stored in the map information storage unit and the initial map
information together.

Hereatter, the operation of the map information processing
apparatus in accordance with Embodiment 3 of the present
invention will be explained in detail with reference to a flow
chart of the operation of the layer-to-be-updated-with-addi-
tion determination processing unit 118 shown in FIG. 9.

After displaying an input screen (FIG. 8) for urging the user
to input information about a setup of a layer to be updated
with addition on a display device 12 (step ST911), the layer-
to-be-additionally-updated update determination processing
unit 118 checks to see whether or not the map information
processing apparatus has received information about an input
about a setup of a layer to be updated with addition through
the user’s manipulation (step ST912). In this case, when the
map information processing apparatus has not received any
input done by the user (when “No” in step ST912), the layer-
to-be-updated-with-addition determination processing unit
waits for a predetermined time period, e.g. 0.5 seconds (step
ST913). The layer-to-be-updated-with-addition determina-
tion processing unit 118 then judges whether a predetermined
time period, e.g. 10 seconds has elapsed since the layer-to-
be-updated-with-addition determination processing unit
started this process (step ST914), and, when 10 seconds has
not elapsed yet (when “No” in step ST914), returns to the
process of step ST912. In contrast, when 10 seconds has
elapsed (when “Yes” in step ST914), the layer-to-be-updated-
with-addition determination processing unit determines only
the bottom layer as a candidate for the layers to be updated
with addition (step ST915), stores information about the layer
which is the target to be updated with addition in the map
information storage unit 111, and ends the process (step
ST918).

In contrast, when the map information processing appara-
tus, in the process of step ST912, judges that it has received
the user’s operational input (when “Yes” in step ST912), the
layer-to-be-updated-with-addition determination processing
unit 118 determines a layer of the map information corre-
sponding to the graphical scale inputted by the user (step
ST916). At that time, the layer-to-be-updated-with-addition
determination processing unit 118 refers to the scale and a
table of conversion to a map information layer in which a
correspondence between graphical scales and layers is
defined, as shown in FIG. 10. This conversion table is held
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within a computer program which implements the layer-to-
be-updated-with-addition determination processing unit 118.

Next, the layer-to-be-updated-with-addition determination
processing unit 118 determines layers including from the
bottom layer to the layer determined in step ST916 as the
layers to be updated with addition (step ST917), and then
shifts to the process of step ST918.

0.5 seconds in step ST913 and 10 seconds in step ST914,
which are shown in the flow chart of FIG. 9 are examples of
a time period during which to monitor the input waiting. The
input waiting period is not restricted to either of these exem-
plary values, and the same effect can be produced even if any
arbitrary value is set to the input waiting period according to
the intention of the designer of the car navigation system 1.

The conversion table in which the correspondence between
graphical scales and map information layers is defined, the
conversion table being referred to, in step ST916, by the
layer-to-be-updated-with-addition determination processing
unit can be stored in advance in the map information storage
unit 111, and the conversion can be implemented by the
layer-to-be-updated-with-addition determination processing
unit’s referring to the table. As an alternative, instead of using
the conversion table, every time when receiving the scale, the
layer-to-be-updated-with-addition determination processing
unit can perform a predetermined operation on the scale so as
to determine a layer corresponding to the scale. Furthermore,
when the user specifies a-layer which is the target to be
updated with addition of the unregistered road, the map infor-
mation processing apparatus can alternatively cause the user
to make a specification of a representative fraction of, for
example, V/2s,000. In this case, the layer-to-be-updated-with-
addition determination processing unit uses a conversion
table showing conversion of the representative fraction to a
map information layer instead of using the conversion table
shown in FIG. 10.

When carrying out a programmed process, the navigation
processing unit 112 refers to map information required for the
process with reference to the map information storage unit
111. At that time, the navigation processing-unit acquires
map information required for the process on the basis of an
area and a layer required for the process. The navigation
processing unit specifies the area with a mesh ID. The opera-
tion of acquiring the map information which is carried out by
the navigation processing unit 112 is shown in FIG. 11 in the
form of a flow chart.

Hereafter, the operation of the map information processing
apparatus in accordance with Embodiment 3 of the present
invention will be explained in detail with reference to the flow
chart of the operation of the navigation processing unit 112
shown in FIG. 11.

In FIG. 11, the navigation processing unit 112 acquires
map information M corresponding to the specified area and
the specified layer with reference to the map information
storage unit 111 first (step ST111). At that time, the specified
area A is determined with a mesh ID.

Next, the navigation processing unit 112 judges whether it
has succeeded in acquiring the map information M (step
ST112), and, when having succeeded in acquiring the map
information (when “Yes” in step ST112), acquires the unreg-
istered road information (R) corresponding to the specified
area A and the specified layer L from the map information
storage unit 111 (step ST113). The navigation processing unit
112 then judges whether it has succeeded in acquiring one or
more pieces of unregistered road information (step ST114),
and, when having succeeded in acquiring one or more pieces
of'unregistered road information (when “Yes” in step ST114),
and outputs the map information M and the one or more
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pieces of unregistered road information to the display device
12 via the navigation result outputting unit 114 (step ST115).
In contrast, when having failed in acquiring one or more
pieces of unregistered road information (when “No” in step
ST114), the navigation processing unit outputs only the map
information M to the display device 12 via the navigation
result outputting unit 114 (step ST116).

In contrast, when, in the process of step ST112, having
failed in acquiring the map information M (when “No” in step
ST112), the navigation processing unit 112 acquires unreg-
istered road information (R) corresponding to the specified
area A and the specified layer L from the map information
storage unit 111 (step ST117). At that time, the navigation
processing unit can determine the specified area with a mesh
1D, like in the case of performing the above-mentioned pro-
cess of step ST111.

The navigation processing unit 112 then judges whether it
has succeeded in acquiring one or more pieces of unregistered
road information (step ST118), and, when having succeeded
in acquiring one or more pieces of unregistered road infor-
mation (when “Yes” in step ST118), outputs the one or more
pieces of unregistered road information to the display device
12 via the navigation result outputting unit 114 (step ST119).
In contrast, when having failed in acquiring one or more
pieces of unregistered road information (when “No” in step
ST118), the navigation processing unit ends the process.

In accordance with above-mentioned Embodiment 3, the
navigation processing unit 112 carries out navigation by
using both the information about the unregistered road in the
one or more layers determined by the layer-to-be-updated-
with-addition determination processing unit 118 and the map
information stored in the map information storage unit 111,
but does not carry out any update with addition of the unreg-
istered road information to the map information about the
plurality of layers. Therefore, the map information process-
ing apparatus can improve its processing performance at the
time of adding the unregistered road information to the map
information.

Furthermore, according to the user’s specification, the user
operation input acquiring unit 115 acquires information about
the specification of layers which are to be updated with addi-
tion of the unregistered road, and then delivers the informa-
tion to the layer-to-be-updated-with-addition determination
processing unit 118, and the layer-to-be-updated-with-addi-
tion determination processing unit 118 determines layers to
be set up as the target for additional update according to the
information about the specification of the layers. Therefore,
the map information processing apparatus can reflect the
individual user’s intention in the layers to be updated with
addition, and the navigation processing unit 112 can use the
unregistered road information in the plurality of layers in
which the user’s intention is reflected.

Embodiment 4

FIG. 12 is ablock diagram showing the internal structure of
a map information processing apparatus in accordance with
Embodiment 4 of the present invention, and a car navigation
system 1 is illustrated as an example of the map information
processing apparatus, like in the case of Embodiment 1.

The difference between this Embodiment and Embodi-
ment shown in FIG. 1 is that a navigation device 11 includes
an external information input acquiring unit 120 to which a
mobile phone 18 is connected. The descriptions of the pro-
cesses carried out by an unregistered road adding and updat-
ing unit 117 and a layer-to-be-updated-with-addition deter-
mination processing unit 118 differ from those of
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Embodiment 1. Except for these descriptions, the structure
and operation of the car navigation system in accordance with
Embodiment 4 are the same as those of the car navigation
system explained in Embodiment 1.

Hereafter, focusing on the difference in operation between
Embodiment 4 and Embodiment 1, the operation of the map
information processing apparatus in accordance with
Embodiment 4 of the present invention will be explained.

The external information input acquiring unit 120 acquires
both coordinate information about the coordinates of an
unregistered road, and information about layers which are to
be updated with addition of this unregistered road via the
mobile phone 18. Data showing the top one of the layers to be
updated with addition of the unregistered road are included in
the information about the layers to be updated with addition.

On the basis of the information about the unregistered road
which the unregistered road adding and updating unit has
acquired via the external information input acquiring unit
120, the unregistered road adding and updating unit 117 car-
ries out an update with addition of the road information to a
map information storage unit 111. The process of updating
the layers determined by the layer-to-be-updated-with-addi-
tion determination processing unit 118 with addition of the
road information is the same as that of Embodiment 1.

Hereafter, the operation of the map information processing
apparatus in accordance with Embodiment 4 of the present
invention will be explained in detail with reference to a flow
chart shown in FIG. 13 of the operation of the layer-to-be-
updated-with-addition determination processing unit 118.

The layer-to-be-updated-with-addition determination pro-
cessing unit 118 refers to the information about the layers to
be updated with addition which it has acquired via the exter-
nal information input acquiring unit 120 first (step ST131),
and determines the top one of the layers to be updated with
addition (step ST132).

The layer-to-be-updated-with-addition determination pro-
cessing unit 118 then determines, as candidates for the layers
to be updated with addition, the layers from the bottom layer
to the layer determined in step ST131 (step ST133).

In accordance with above-mentioned Embodiment 4, the
layer-to-be-updated-with-addition determination processing
unit 11 acquires road information about a road whose infor-
mation does not exist in the map information from outside the
map information processing apparatus and determines one or
more layers to be updated with addition of the unregistered
road on the basis of the road information, so that the naviga-
tion processing unit 112 can use the unregistered road in the
determined layers. Therefore, by updating each high level
layer’s map information with addition of the unregistered
road to the map information, the map information processing
apparatus can use the unregistered road for display of a wide-
area map and determination of a long distance route. Further-
more, at that time, because the map information processing
apparatus does not add any new road information to the map
information of each of the plurality of layers, the map infor-
mation processing apparatus can improve its processing per-
formance at the time of carrying out an update with addition
of the unregistered road as map information.

The road information acquired by the external information
input acquiring unit 120 includes the information about the
layers to be updated with addition, and, according to the
information about the layers to be updated with addition
which the layer-to-be-updated-with-addition determination
processing unit 118 has acquired via the external information
input acquiring unit 120, the layer-to-be-updated-with-addi-
tion determination processing unit determines layers to be
updated with addition. Therefore, the navigation system 1 can
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use the unregistered road in the appropriate layers which are
specified beforehand in the exterior of the navigation system
1.

In above-mentioned Embodiment 4, the information about
the layers to be updated with addition which the external
information input acquiring unit 120 can acquire together
with the information about the unregistered road is the one
directly concerning the layers to be updated with addition. As
an alternative, the information about the layers to be updated
with addition can be either information showing a graphical
scale or information showing a representative fraction. Atthat
time, the layer-to-be-updated-with-addition determination
processing unit 118 holds in advance a conversion table as
shown in Embodiment 3, and then refers to it.

Furthermore, in above-mentioned Embodiment 4, the
layer-to-be-updated-with-addition determination processing
unit acquires the information about the layers to be updated
with addition, as well as the information about the unregis-
tered road, via the external information input acquiring unit
120. As an alternative, the layer-to-be-updated-with-addition
determination processing unit can acquire only the unregis-
tered road information via the external information input
acquiring unit 120, and can determine the layers to be updated
with addition according to the layer-to-be-updated-with-ad-
dition determining process method as explained in Embodi-
ments 1, 2 and 3. Furthermore, the navigation system can be
constructed in such a way as to acquire other information
attached to the unregistered road, including, for example,
traffic regulations, the width of the road, etc., in addition to the
coordinate information about the coordinates of the unregis-
tered road acquired by the external information input acquir-
ing unit 120. At that time, the unregistered road adding and
updating unit 117 has to store these pieces of attached infor-
mation as well in the map information storage unit 111.

In above-mentioned Embodiment 4, the external informa-
tion input acquiring unit 120 acquires the information from
outside the car navigation system by using the mobile phone
18. As an alternative, the external information input acquiring
unit can acquire the unregistered road information via broad-
casting. In this case, the external information input acquiring
unit 120 is constructed in such a way as to be connected with
a broadcast receive antenna. The external information input
acquiring unit can alternatively acquire the unregistered road
information via DSRC (Dedicated Short Range Communica-
tion). In this case, the external information input acquiring
unit 120 is constructed in such a way as to be connected with
a DSRC antenna.

The external information input acquiring unit can alterna-
tively acquire the unregistered road information by using a
nonvolatile storage medium (a CD-ROM, a CD-R, a semi-
conductor recording medium, or the like) in which the infor-
mation is recorded in advance. In this case, the external infor-
mation input acquiring unit 120 is constructed in such a way
asto be connected with a reader for reading a storage medium.
Furthermore, the reader can be constructed in such a way as to
be included within the car navigation apparatus 1. As an
alternative, the external information input acquiring unit can
acquire the unregistered road information by using an arbi-
trary method other than these methods. In this case, the exter-
nal information input acquiring unit 120 is constructed in
such a way as to be connected with an appropriate informa-
tion receiving device.

Embodiment 5

FIG. 14 is a view showing an example of the configuration
of'an input screen which a map information processing appa-
ratus in accordance with Embodiment 5 of the present inven-
tion uses.
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The map information processing apparatus used in
Embodiment 5 has the same structure as that of Embodiment
4 shown in FIG. 12, while only the description of the process
carried out by a layer-to-be-updated-with-addition determi-
nation processing unit 118 differs slightly from that of
Embodiment 4. The layer-to-be-updated-with-addition deter-
mination processing unit 118 determines layers which are to
be updated with addition of unregistered road map informa-
tion to a map information storage unit 111 according to infor-
mation about a degree of use of the unregistered road for route
determination, which is inputted through the user’s manipu-
lation of the input device such as a wireless remote control.
Hereafter, the operation of the map information processing
apparatus in accordance with Embodiment 5 of the present
invention will be explained in detail.

First, the user specifies the degree of use of the unregistered
road with which he or she desires to use the unregistered road
for route determination by manipulating the wireless remote
control. At that time, as shown in the input screen of FIG. 14,
the degree of use of the unregistered road is divided into
multiple levels including from “nonuse” to “use” and, the
degree of use of the unregistered road is specified to make the
user select one of them.

A user operation input acquiring unit 115 receives the
above-mentioned user’s manipulation via a remote control
light receiving unit 14, and furnishes the information to the
layer-to-be-updated-with-addition determination processing
unit 118 via a main controlling unit 19. The layer-to-be-
updated-with-addition determination processing unit 118
determines layers to be updated with addition according to
the information about the layers to be updated with addition
which are specified by the user, the information being
acquired from a user operation input acquiring unit 15, and
reflects the layers to be updated with addition in the map
information storage unit 111. At that time, the layer-to-be-
updated-with-addition determination processing unit stores
the information about the layers to be updated with addition in
the map information storage unit 111 as information relevant
to the information about the unregistered road which is added
to update the road information.

An unregistered road adding and updating unit 117 carries
out additional registration of the information about the unreg-
istered road to the map information storage unit 111 as infor-
mation different from the initial map information. At that
time, the unregistered road adding and updating unit specifies
amesh including the unregistered road for each layer which is
the target to which the information about the unregistered
road is to be added, and stores, as information relevant to the
unregistered road, the mesh’s ID (in a case in which the
unregistered road extends over a plurality of meshes, all mesh
IDs) in the map information storage unit 111, as well.

On the other hand, when the navigation processing unit 112
uses the map information stored in the map information stor-
age unit 111, on the basis of the mesh ID of a layer which it
uses, the navigation processing unit judges whether or not
there exists an unregistered road in the mesh and, when there
exists an unregistered road in the mesh, uses the unregistered
road stored in the map information storage unit and the initial
map information together.

Hereafter, the operation of the map information processing
apparatus in accordance with Embodiment 5 will be
explained in detail with reference to a flow chart of the opera-
tion of the layer-to-be-set-up determination processing unit
118 shown in FIG. 15.

In the operation flow chart of FIG. 15, after displaying the
input screen with which to urge the user input information
about the degree of use for route determination first (step
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ST151), the layer-to-be-updated-with-addition determina-
tion processing unit 118 judges whether the map information
processing apparatus has received information about an input
of'the degree of use for route determination through the user’s
manipulation (step ST152).

In this case, when the map information processing appara-
tus has not received any input done by the user (when “No” in
step ST152), the layer-to-be-set-up determination processing
unit 118 further waits for 0.5 seconds (step ST153). The
layer-to-be-set-up determination processing unit 118 then
judges whether ID seconds has elapsed since the additional
setup layer determination processing unit started this process
(step ST154), and, when 10 seconds has not elapsed yet
(when “No” in step ST154), returns to the process of step
ST152. In contrast, when 10 seconds has elapsed (when
“Yes” in step ST154), the layer-to-be-set-up determination
processing unit 118 determines only the bottom layer as a
candidate for the layers to be updated with addition (step
ST155), stores information about the layer which is the target
to be updated with addition in the map information storage
unit 111, and ends the process (step ST158).

In contrast, when the map information processing appara-
tus, in the process of step ST152, judges that it has received
the user’s operational input (when “Yes” in step ST152), the
layer-to-be-set-up determination processing unit 118 deter-
mines a layer of the map information corresponding to the
degree of use for route determination which is inputted by the
user (step ST156). At that time, the layer-to-be-set-up deter-
mination processing unit 118 refers to a conversion table in
which a correspondence between degrees of use for route
determination and map information layers is defined, as
shown in FIG. 16. This conversion table is held within a
computer program which implements the layer-to-be-up-
dated-with-addition determination processing unit 118.

Next, the layer-to-be-updated-with-addition determination
processing unit 118 determines layers including from the
bottom layer to the layer determined in step ST156 as the
layers to be updated with addition (step ST157), and then
shifts to the process of step ST158.

In accordance with above-mentioned Embodiment 5, the
layer-to-be-updated-with-addition determination processing
unit 118 acquires the degree of use of the unregistered road
with which the user desires to use the unregistered road for
route determination via the user operation input acquiring
unit 115, and determines layers to be set up as the target for
additional update on the basis of this degree of use for route to
determination, so that the navigation processing unit 112 can
use the unregistered road for the layer optimal from the view-
point of route determination.

0.5 seconds in step ST153 and 10 seconds in step ST154,
which are shown in the flow chart of FIG. 15, are examples of
a time period during which the layer-to-be-updated-with-
addition determination processing unit waits the input. The
input waiting period is not restricted to either of these exem-
plary values, and the same effect can be produced even if any
arbitrary value is set to the input waiting period according to
the intention of the designer of the car navigation system 1.

Furthermore, the conversion table in which the correspon-
dence between degrees of use for route determination and
map information layers is defined, the conversion table being
referred to, in step ST156, by the layer-to-be-updated-with-
addition determination processing unit, can be stored in
advance in the map information storage unit 111, and the
conversion can be implemented by the layer-to-be-updated-
with-addition determination processing unit’s referring to the
table. As an alternative, every time when the degree of use for
route determination is inputted, the layer-to-be-updated-
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with-addition determination processing unit can perform an
operation on the degree of use for route determination so as to
determine the layers to be updated. Furthermore, in the screen
displayed in step ST151 which urges the user to specify the
degree of'use of the unregistered road for route determination,
the conversion can be alternatively implemented by causing
the user to select either a purpose of “short di stance route
determination” or a purpose of “long distance route determi-
nation.”

Embodiment 6

A map information processing apparatus in accordance
with Embodiment 6 employs the same internal structure as
that of the map information processing apparatus in accor-
dance with Embodiment 1 shown in FIG. 1, while only the
description of the process carried out by a layer-to-be-up-
dated-with-addition determination processing unit 118 dif-
fers from that of Embodiment 1. In this case, the layer-to-be-
updated-with-addition determination processing unit 118
calculates a distance of an unregistered road and determines a
layer corresponding to the distance by referring to a conver-
sion table on the basis of the calculated distance, or by per-
forming a calculating operation, and then defines layers
including from the bottom layer to the layer which is deter-
mined as mentioned above as the target to be updated with
addition.

Hereafter, the operation of the map information processing
apparatus in accordance with Embodiment 6 of the present
invention will be explained in detail with reference to a flow
chart of the operation of the layer-to-be-updated-with-addi-
tion determination processing unit 118 shown in FIG. 17.

The layer-to-be-updated-with-addition determination pro-
cessing unit 118 calculates the distance of the unregistered
road first (step ST171). Next, the layer-to-be-updated-with-
addition determination processing unit refers to the conver-
sion table shown in FIG. 18 in which a correspondence
between distances and layers to be set up as the target for
additional update is defined, and determines a layer of the
map information corresponding to the distance of the unreg-
istered road calculated in step ST171 (step ST172). This
conversion table is held within a computer program which
implements the layer-to-be-set-up determination processing
unit 118.

Next, the layer-to-be-updated-with-addition determination
processing unit 118 determines layers including from the
bottom layer to the layer determined in step ST172 as the
layers to be updated with addition and then ends the process
(step ST173).

In accordance with above-mentioned Embodiment 6,
because the layer-to-be-updated-with-addition determination
processing unit 118 determines the layers to be updated with
addition from the distance of the unregistered road, the navi-
gation processing unit 112 can produce a map display in an
appropriate layer of the unregistered road, and can implement
a route determination in the appropriate layer.

The conversion table in which the correspondence between
distances and map information layers is defined, the conver-
sion table being referred to, in step ST172, by the layer-to-
be-updated-with-addition determination processing unit, can
be stored in advance in the map information storage unit 111,
and the conversion can be implemented by the layer-to-be-
updated-with-addition determination processing unit’s refer-
ring to the table. As an alternative, every time when the
distance is calculated, the layer-to-be-updated-with-addition
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determination processing unit can perform an operation on
the distance so as to determine the layers to be updated.

Embodiment 7

FIG. 19 is a block diagram showing the internal structure of
a map information processing apparatus in accordance with
Embodiment 7 of the present invention. Also in this embodi-
ment, a car navigation system 1 is illustrated as an example of
the map information processing apparatus, like in the case of
Embodiment 1. The car navigation system differs from that of
Embodiment 1 in that it has an unregistered road additional
setup layer change processing unit 121.

However, the car navigation system of this Embodiment is
constructed in the same way as that of Embodiment 1 in that
an unregistered road traveling detecting unit 116 detects the
vehicle’s traveling along a road whose information does not
exist in the map information stored in a map information
storage unit 111 while calculating map information to be
stored in the map information storage unit 111 on the basis of
signals from various sensors, a layer-to-be-set-up determina-
tion processing unit 118 determines layers of the map infor-
mation which are to be updated with addition of the unregis-
tered road on the basis of the detection result, and an
unregistered road information additional updating unit 117
carries out an update with addition of the unregistered road
information to the map information storage unit 111 on the
basis of the determined layers. The operation of the car navi-
gation system of this Embodiment differs from that of
Embodiment 1 in that the car navigation system can change
the layers to be updated with addition of the unregistered
road, which have been updated with addition, at a later time.
Hereafter, the operation of changing the layers which are set
up as the target for additional update will be explained with
reference to FIGS. 19 to 21 and FIG. 10.

When the user selects a menu for changing the layers to be
set up as the target for update with addition of the unregistered
road with a menu selection screen (not shown) in a state in
which the information about the unregistered road is stored in
the map information storage unit 111, a selection screen (not
shown) for selecting an unregistered road to be changed from
unregistered roads already added is displayed, and the user
looks at this selection screen and selects an unregistered road
which he or she desires to change.

When an unregistered road is selected, a main controlling
unit 119 changes the layers to be set up as the target for update
with addition of the unregistered road according to the unreg-
istered road additional setup layer change processing unit
121. Hereafter, the operation of the unregistered road addi-
tional setup layer change processing unit 121 will be
explained by using a flow chart shown in FIG. 20.

In FIG. 20, after displaying a screen which urges the userto
make an input of an additional graphical scale after occur-
rence of a change in the selected unregistered road on a
display device 12 (step ST201), the unregistered road addi-
tional setup layer change processing unit 121 judges whether
or not the car navigation system has received an input of
information about specification of an additional graphical
scale after occurrence of a change in the selected unregistered
road through the user’s manipulation (step ST202). An
example of the screen which is displayed in step ST201 and
which urges the user to make an input of an additional graphi-
cal scale after occurrence of a change in the selected unreg-
istered road is shown in FIG. 21. According to the screen
configuration of FIG. 21, a graphical scale after addition of an
unregistered road shown by a dotted line is inputted.
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When, in the process of step ST202, judging that the car
navigation system has not received the user’s input of infor-
mation about specification of an additional graphical scale
(when “No” in step ST202), the unregistered road additional
setup layer change processing unit 121 further waits for 0.5
seconds (step ST203). The unregistered road additional setup
layer change processing unit then judges whether 10 seconds
has elapsed since the unregistered road additional setup layer
change processing unit started this process (step ST204), and,
when 10 seconds has not elapsed yet (when “No” in step
ST204), returns to the process of step ST202. In contrast,
when 10 seconds has elapsed (when “Yes” in step ST204), the
unregistered road additional setup layer change processing
unit judges that there is no change in the layers to be addi-
tionally updated and then ends the process (step ST205).

When, in the process of step ST202, judging that the car
navigation system has received the user’s input of informa-
tion about specification of an additional graphical scale
(when “Yes” in step ST202), the unregistered road additional
setup layer change processing unit 121 acquires, via the user
operation input acquiring unit 115 and the main controlling
unit 119, the graphical scale which the user has inputted after
occurrence of a change in the selected unregistered road, and
determines the map information layer I, corresponding to the
display scale (step ST206). At that time, the unregistered road
additional setup layer change processing unit 121 refers to a
conversion table as shown in FIG. 10 in which a correspon-
dence between display scales and map information layers is
defined (in the same way that that in accordance with
Embodiment 3 does). This conversion table is held within a
computer program which implements the unregistered road
additional setup layer change processing unit 121.

Next, the unregistered road additional setup layer change
processing unit 121 compares the number CL showing the
current top one of the layers which are the target to be updated
with addition of the unregistered road with the number I,
showing the map information layer. In this case, the unregis-
tered road additional setup layer change processing unit
judges whether or not IL is larger than CL (step ST207), and,
when judging that IL is larger than CL. (when “Yes” in step
ST207), the unregistered road additional setup layer change
processing unit 121 determines the layers including from the
layer CL+1 to the layer IL as the layers to be updated with
addition (step ST208), and adds the information about the
unregistered road to the map information about each of the
layers which is stored in the map information storage unit 111
(step ST209).

When, in the process of step ST209, judging that the num-
ber 1L showing the map information layer is not larger than
the number CL showing the top one of the layers which are the
target to be updates with addition of the unregistered road
(when “No” in step ST207), the unregistered road additional
setup layer change processing unit 121 further judges
whether or not IL is smaller than CL (step ST210), and, when
judging that I, is smaller than CL (when “Yes” in step
ST209), determines the layers including from the layer IL+1
to the layer CL as the layers to be updated with deletion
(S211) and then deletes the information about the unregis-
tered road from the map information about each of the layers
which is stored in the map information storage unit 111 (step
ST212).

When, in the process of step ST210, judging that IL. is not
smaller than CL, (when “No” in step ST210), the unregistered
road additional setup layer change processing unit 121 ends
the process because IL. and CL are equal to each other.

In accordance with above-mentioned Embodiment 7,
because the unregistered road additional setup layer change
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processing unit 121 which changes the layers to be set up as
the target for update with addition of an unregistered road
stored in the map information storage unit 111 can the layers
to be updated with addition of an unregistered road which
have been updated with addition, the car navigation system
makes it possible to carry out navigation with high flexibility
and high versatility.

Furthermore, because the unregistered road additional
setup layer change processing unit 121 changes the layers to
be updated with addition of an unregistered road stored in the
map information storage unit 111 according to the user’s
operational input (the information about specification of the
layers) which is acquired by the user operation input acquir-
ing unit 115, the unregistered road additional setup layer
change processing unit can change the layers in which the
navigation system uses unregistered road information
according to the individual user’s intention.

0.5 seconds in step ST203 and 10 seconds in step ST204
are examples of a time period during which the unregistered
road additional setup layer change processing unit waits the
input. The same advantage can be provided even if another
appropriate value is set to the input waiting period. Further-
more, the unregistered road additional setup layer change
processing unit can alternatively return to the process of step
ST202 without making the judgment of step ST204. In this
case, the unregistered road additional setup layer change pro-
cessing unit performs the operation without imposing any
time limit on the user’s input.

Embodiment 8

FIG. 22 is ablock diagram showing the internal structure of
a map information processing apparatus in accordance with
Embodiment 8 of the present invention. Also in this Embodi-
ment, a navigation system is illustrated as an example of the
map information processing apparatus, like in the case of
Embodiment 7. The navigation system differs from that of
Embodiment 7 in that it is provided with an unregistered road
use frequency management unit 122. The other structural
components of the navigation system are the same as those of
Embodiment 1.

Hereatfter, the operation of changing the layers which are to
be updated with addition of an unregistered road by using the
unregistered road use frequency management unit 122 will be
explained in detail with reference to FIGS. 22 to 25.

In the car navigation apparatus 11 in accordance with
Embodiment 8, when an unregistered road adding and updat-
ing unit 117 stores information about an unregistered road in
amap information storage unit 111, the car navigation system
also stores management information (not shown) about the
unregistered road in the map information storage unit 111
simultaneously. The management information about the
unregistered road includes information showing the number
of times that the unregistered road has been used, as well as
the address of the unregistered road and the date and time at
which the information about the unregistered road was cre-
ated. These pieces of management information are not
directly used when a navigation processing unit 112 carries
out various navigation functions. “The number of times that
the unregistered road has been used” is incremented by one
and stored every time when the unregistered road is referred
to by the navigation processing unit 112.

When the user selects a menu for changing the layers which
are to be updated with addition of an unregistered road with a
menu selection screen (not shown) in a state in which infor-
mation about unregistered roads is stored in the map infor-
mation storage unit 111, a selection screen (not shown) for
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enabling the user to select an unregistered road which he or
she desires to change from the unregistered roads which have
been added to update the map information is displayed, so
that the user can select the unregistered road which he or she
desires to change. When an unregistered road is selected by
the user, a main controlling unit 119 starts the unregistered
road frequency use management unit 122 and an unregistered
road layers-to-be-updated-with-addition change processing
unit 121 so as to change the layers which are to be updated
with addition of the unregistered road.

FIG. 23 is a flow chart showing the operation of the unreg-
istered road use frequency management unit 122. In FIG. 23,
the unregistered road use frequency management unit 122
acquires the management information about the selected
unregistered road which is stored in the map information
storage unit 111 first (step ST231), and acquires the number
of times that the unregistered road has been used from the
acquired management information (step ST232). The unreg-
istered road use frequency management unit 122 acquires the
number of usage, and then ends the process after delivering
data about the number of usage times to the unregistered road
layers-to-be-updated-with-addition change processing unit
121 via the main controlling unit 119.

FIG. 24 is a flow chart showing the operation of the unreg-
istered road layers-to-be-updated-with-addition change pro-
cessing unit 121. The unregistered road layers-to-be-updated-
with-addition change processing unit 121 determines the top
one (FL) ofthe layers to be additionally updated on the basis
of the data about the number of usage times of the unregis-
tered road which are read by the unregistered road use fre-
quency management unit 122 (step ST241). At that time, the
unregistered road layers-to-be-updated-with-addition change
processing unit 121 refers to a conversion table, as shown in
FIG. 25, in which a correspondence between numbers of
usage times and map information layers is defined. This con-
version table is held within a computer program which imple-
ments the layers-to-be-updated-with-addition change pro-
cessing unit 121.

Next, the unregistered road layers-to-be-updated-with-ad-
dition change processing unit 121 compares the number CL.
showing a current layer which is the target to be updated with
addition of the unregistered road with the top one FL of the
layers to be additionally updated. In this case, when judging
that FL is larger than CL (when “Yes” in step ST242), the
unregistered road layers-to-be-updated-with-addition change
processing unit 121 determines the layers including from the
layer CL+1 to the layer FL as the layers to be additionally
updated (step ST243), and adds the information about the
unregistered road to the map information about each of the
layers to be updated with addition to store it in the map
information storage unit 111 (step ST244). After that, the
process of the unregistered road layers-to-be-updated-with-
addition change processing unit 121 ends.

When, in the process of step ST242, judging that FL is not
larger than CL. (when “No” in step ST242), the unregistered
road layers-to-be-updated-with-addition change processing
unit 121 ends the process promptly.

In accordance with above-mentioned Embodiment 8, the
unregistered road layers-to-be-updated-with-addition change
processing unit 121 can change the layers to be updated with
addition of anunregistered road stored in the map information
storage unit 111 by using the number of times that the navi-
gation processing unit 112 has used the unregistered road (the
use frequency information) which is counted and managed by
the unregistered road frequency use management unit 122,
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thereby making it possible for the navigation system to use a
frequently-used unregistered road for navigation with a wider
area.

In accordance with above-mentioned Embodiment 8, the
navigation system starts the changing process by starting the
menu for enabling the user to perform a change of the layers
to be updated with addition of an unregistered road. As an
alternative, when the number of times that an unregistered
road has been used reaches a predetermined number of usage
times, the navigation system can automatically change the
layers to be set up as the target for update with addition of the
unregistered road. Alternatively, when the number of times
that an unregistered road has been used reaches a predeter-
mined number of usage times, the navigation system can
inquire of the user whether to change the layers to be set up as
the target for update with addition of the unregistered road. As
a result, the navigation system can change the layers to be set
up as the target for update with addition of the unregistered
road more flexibly.

Embodiment 9

FIG. 26 is a block diagram showing the internal structure of
a map information processing apparatus in accordance with
Embodiment 9 of the present invention. Also in this embodi-
ment, a navigation system is illustrated as an example of the
map information processing apparatus, as in the case of
Embodiment 1. The navigation system differs from that of
Embodiment 1 in that map information for route determina-
tion 1111 as first map information and map information for
map display 1112 as second map information are stored in a
map information storage unit 111.

Therefore, alayer-to-be-updated-with-addition determina-
tion processing unit 118 determines layers to be additionally
updated for each of the map information for route determina-
tion 1111 and the map information for map display 1112
which are allocated to the map information storage unit 111,
and an unregistered road additional update storage unit 117
adds information about an unregistered road to each of the
map information for route determination 1111 and the map
information for map display 1112 mentioned above. The
other structural components of the navigation system are the
same as those of Embodiment 1 shown in FIG. 1.

Hereatter, the operation of the map information processing
apparatus in accordance with Embodiment 9 of the present
invention will be explained in detail with reference to a flow
chart of the operation of the layer-to-be-updated-with-addi-
tion determination processing unit 118 shown in FIG. 27.

The layer-to-be-updated-with-addition determination pro-
cessing unit 118 determines layers to which the information
about the unregistered road is to be added for the map infor-
mation for route determination 1111 (step ST271). This pro-
cess is carried out according to the flow chart shown in FIGS.
3 and 4 of Embodiment 1. In this process, the layer-to-be-
updated-with-addition determination processing unit refers
to the map information for route determination 1111 disposed
as the first map information.

Next, the layer-to-be-updated-with-addition determination
processing unit 118 determines layers to which the informa-
tion about the unregistered road is to be added for the map
information for map display 1112 (step ST272). This process
is carried out according to the flow chart shown in FIG. 9 of
Embodiment 3. In this process, the layer-to-be-updated-with-
addition determination processing unit refers to the map
information for map display 1112 disposed as the second map
information.
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In accordance with above-mentioned Embodiment 9,
because the layer-to-be-updated-with-addition determination
processing unit 118 defines different layers as the target to be
updated with addition of unregistered road information for
the first map information and for the second map information,
when there is a difference in layers in which the unregistered
road information is effective between map display and route
determination, a navigation processing unit 112 can use the
unregistered road information in the different layers in which
the unregistered road information is effective for either of
map display and route determination.

Embodiment 10

FIG. 28 is a block diagram showing the internal structure of
a map information processing apparatus in accordance with
Embodiment 10 of the present invention. Also in this embodi-
ment, a navigation system is illustrated as an example of the
map information processing apparatus, as in the case of
Embodiment 1. The navigation system 1 of this Embodiment
differs from that of Embodiment 1 in that the navigation
system has an external output unit 123 connected to a non-
volatile storage medium reading and writing device 19 which
is externally connected to the car navigation apparatus 11.
Therefore, the operation of detecting an unregistered road,
determining layers to be updated with addition of the unreg-
istered road, and adding the unregistered road information to
the map information is the same as that of Embodiment 1,
while the operation of the navigation system of this Embodi-
ment differs from that of Embodiment 1 in that the external
output unit 123 outputs the unregistered road information
which is added to update the map information to outside the
navigation system via the nonvolatile storage medium read-
ing and writing device 19 to provide the unregistered road
information for a third party.

FIG. 29 is an operation flow chart which is referred to in
order to explain the operation of outputting unregistered road
information to outside the map information processing appa-
ratus by using the external output unit 123 of the map infor-
mation processing apparatus in accordance with Embodiment
10 of the present invention.

Hereafter, the operation of the map information processing
apparatus in accordance with Embodiment 10 of the present
invention will be explained in detail with reference to the
operation flow chart of FIG. 29.

In FIG. 29, after the external output unit 123 displays a
screen which urges the user to select unregistered road infor-
mation which he or she desires to output on a display device
12 first (step ST291), the external output unit judges whether
or not it has received an input about selection of unregistered
road information to be outputted through the user’s manipu-
lation (step ST292). When having not received any input
about selection of unregistered road information to be out-
putted (when “No” in step ST292), the external output unit
123 waits for 0.5 seconds (step ST293), and returns to the
process of step ST292.

In contrast, when having received an input about selection
of'unregistered road information to be outputted (when “Yes”
in step ST292), the external output unit 123 acquires the
unregistered road information corresponding to the unregis-
tered road selected by the user which is acquired via the user
operation input acquiring unit 115 from a map information
storage unit 111 (step ST294), and further identifies the layers
to which the unregistered road information is added in the
map information stored in the map information storage unit
111 (step ST295). Next, the external output unit 123 outputs
both the unregistered road information acquired in step
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ST294 and information about the identification of the layers
updated with addition which is identified in step ST295 to the
nonvolatile storage medium reading and writing device 19,
and ends the process (step ST296).

Both the unregistered road information and the informa-
tion about the identification of the layers updated with addi-
tion of the unregistered road information, which are outputted
to the nonvolatile storage medium reading and writing device
19, are stored in a readable and writable nonvolatile storage
medium (not shown) which is mounted to the nonvolatile
storage medium reading and writing device 19, and is pro-
vided to a third party. A third party that has received this
readable and writable nonvolatile storage medium has, for
example a car navigation apparatus 11 of Embodiment 4 as
shown in FIG. 12, and uses those pieces of information
according to the operation explained in Embodiment 4. More
specifically, the third party is enabled to acquire desired infor-
mation from the readable and writable nonvolatile storage
medium via the external information input acquiring unit 120
(FIG. 12).

In accordance with above-mentioned Embodiment 10, the
external output unit 123 outputs unregistered road informa-
tion which has been added to the map information storage unit
111 to update this map information storage unit and which
includes at least information about the coordinates of the
unregistered road and information about a map layer which is
updated with addition to outside the map information pro-
cessing apparatus. Therefore, the map information process-
ing apparatus can share the unregistered road information
with a third party, and can also provide information about
useful layers to the third party as well when providing the
unregistered road information to the third party.

In accordance with above-mentioned Embodiment 10, the
external output unit 123 is constructed in such a way as to
output the registered road information and the information
about the layers to be updated with addition together to the
nonvolatile storage medium reading and writing device 19.
As an alternative, the external output unit can be constructed
in such a way as to be connected to a mobile phone instead of
the nonvolatile storage medium reading and writing device 19
to output the information to outside the map information
processing apparatus via the mobile phone, and this variant
can provide the same advantage.

In above-mentioned Embodiments 1 to 10, a CPU which
the car navigation apparatus 11 has can implement the func-
tions of the navigation processing unit 112, the sensor infor-
mation input acquiring unit 113, the navigation result output-
ting unit 114, the user operation input acquiring unit 115, the
unregistered road travel detecting unit 116, the unregistered
road adding and updating unit 117, the layer-to-be-updated-
with-addition determination processing unit 118, the main
controlling unit 119, the external information input acquiring
unit 120, the unregistered road additional update layer change
processing unit 121, the unregistered road use frequency
management unit 122, and the external output unit 123, which
construct the car navigation apparatus 11, by controlling a
RAM and an LSI for control of peripherals according to a
computer program recorded in a built-in ROM.

In this case, the LSI for control of peripherals refers to
either a controller to which the display device 12, the voice
output device 13, the remote control light receiving device 14,
the velocity sensor 15, the GPS receiving antenna 16, the
angular velocity sensor 17, the mobile phone 18, and the
nonvolatile storage medium reading and writing device 19 are
connected, or an input/output port. The above-mentioned
map information storage unit 111 is allocated to the RAM so
that the map information is stored in the RAM. The above-
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mentioned RAM includes a large-scale storage, such as an
HDD or a DVD, which is externally connected to the map
information processing apparatus.

INDUSTRIAL APPLICABILITY

As mentioned above, the map information processing
apparatus in accordance with the present invention deter-
mines layers which are to be updated with addition of an
unregistered road according to the state of the unregistered
road, thereby enabling navigation using the unregistered
road. Therefore, the map information processing apparatus in
accordance with the present invention is suitable for use in a
car navigation system and so on.

The invention claimed is:

1. A vehicle navigation device comprising:

a map information storage storing first map information
used for route searching and second map information
used for map display, each of said first map information
and said second map information being separated into
multiple hierarchical layers of different scales and dif-
ferent degrees-of-detail including: a bottom layer, at
least one middle layer, and a top layer, wherein the
bottom layer has meshed map information of a lowest
scale and a highest degree-of-detail so as to include more
roads than the at least one middle layer and the top layer,
and the at least one middle layer has meshed map into-
nation of a lower scale and a higher degree-of-detail than
the top layer so as to include more roads than the top
layer;

a Global Positioning System (GPS) antenna for receiving
signals from GPS satellites; and

a processor configured to:

perform route determination on the basis of the first map
information;

control a display device to display a map on the basis of the
second map information;

determine a position of a vehicle based on said signals
received by the GPS antenna, and detecting the existence
of an unregistered road by comparing said determined
position with information in said map information stor-
age;

determine one or more layers which are to be updated with
addition of said unregistered road for each of the first
map information and the second map information inde-
pendently, coordinate information of said unregistered
road being detected based on said signals received by
said GPS antenna;

add said unregistered road to said map information storage
to update the first map information and the second map
information with the addition being aimed at the corre-
sponding one or more of the layers determined by said
processor for each of the first map information and the
second map information, such that said unregistered
road is added to at least one layer of the first map infor-
mation and the second map information, wherein said
vehicle navigation device is installed within the vehicle.

2. The vehicle navigation device according to claim 1,

wherein said processor determines the one or more of the
layers which are to be updated according to one of the
following processes (a)-(d):
process (a):

(a-1): analyze each layer of the map information to
decide whether the layer has a previously-regis-
tered road to which either endpoint of the unregis-
tered road is connected,
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(a-2): decide the highest of those layers decided in
(a-1) to have a previously-registered road to which
either endpoint of the unregistered road is con-
nected;

(a-3): determine the bottom layer up to the layer 5
decided in (a-2) as the one or more of the layers
which are to be updated;

process (b):

(b-1): analyze each layer of the map information to
decide whether the layer has all previously-regis-
tered roads to which the endpoints of the unregis-
tered road are connected,

(b-2): decide the highest of those layers decided in
(b-1) to have all previous-registered roads to which
the endpoints of the unregistered road are con-
nected, and

(b-3): determine the bottom layer up to the layer
decided in (b-2) as the one or more of the layers
which are to be updated;

process (c):

comparing a distance of said unregistered road with
distances stored in correspondence with respective
layers of said map information to define a layer for
the unregistered road, and determining the bottom
layer up to the defined layer as the one or more of 25
the layers which are to be updated; and

process (d):

obtaining a degree of use of said unregistered road for
route determination, the obtained degree of use
being inputted through a user’s manipulation of an
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input device, comparing the obtained degree of use
with degrees of use stored in correspondence with
respective layers of said map information to define
a layer for the unregistered road, and determining
the bottom layer up to the defined layer as the one or
more of the layers which are to be updated.

3. The vehicle navigation device according to claim 2,
wherein the processor determines the one or more layers in
accordance with process (a).

4. The vehicle navigation device according to claim 2,
wherein the processor determines the one or more layers in
accordance with process (b).

5. The vehicle navigation device according to claim 2,
wherein the processor determines the one or more layers in
accordance with process (c).

6. The vehicle navigation device according to claim 2,
wherein the processor determines the one or more layers in
accordance with process (d).

7. The vehicle navigation device according to claim 1,
wherein

the vehicle navigation device map information processing

apparatus further comprises a navigation processing unit
for carrying out navigation by using said map informa-
tion stored in said map information storage, said navi-
gation processing unit having access to data of said
unregistered road and the corresponding one or more
layers to be used in conjunction with the map informa-
tion to carry out navigation.

#* #* #* #* #*
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